Liver marker {e.g., alanine aminotransferase (ALT) and aspartate aminotransferase (AST)} levels independently predict insulin resistance. The aim of the present study is to examine how changes in liver markers are associated with changes in insulin resistance after exercise in Japanese community-dwelling adults. The participants were 76 women aged 67 ± 6 years from a rural village. 
Introduction
Insulin resistance plays a central role in the pathogenesis of incident diabetes, hypertension [1] , dyslipidemia [2] , and cardiovascular disease (CVD) [1] - [5] . It is important for us to evaluate insulin resistance as a surrogate maker. While, accurate measurement of insulin resistance requires the use of diffuse techniques (e.g., the glucose clamp technique) that require expense and time. Thus, alternatives have been sought to simplify the measurement of insulin resistance, and the homeostatic model assessment (HOMA) [6] , fasting glucose/insulin ratio (FGIR) [7] and quantitative insulin sensitivity check index (QUICKI) methods [8] have been the most frequently used techniques in clinical investigations. In particular, the HOMA approach has been widely used in clinical research to assess insulin sensitivity, and correlates reasonably with the results of clamping studies. However, the use of HOMA-IR is not readily available because insulin levels are not measured during annual health examinations and in clinical practice.
The liver is the site of glycogen synthesis, gluconeogenesis, and insulin degradation, and the liver plays a major role in the homeostasis of insulin and plasma glucose. Many studies have demonstrated that alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-glutamyl transferase (GGT) levels as liver markers, independently predict type 2 diabetes [9] [10], metabolic syndrome [11] - [13] , and CVD [14] [15] . These markers have been shown to be associated with indirect measurements of insulin resistance including fasting insulin levels [13] [16] and HOMA-IR [9] [17]- [19] . However, there are few studies that demonstrate a relationship between changes in liver markers and insulin resistance after exercise. It is useful for us to be able to evaluate insulin resistance by measuring liver markers because they are inexpensive and routinely measured in clinical settings.
We hypothesized that changes in liver markers were associated with changes in insulin resistance after exercise. To address this hypothesis, we investigated whether changes in ALT/AST ratio and GGT were associated with changes in HOMA-IR, by a 12-week walking exercise among Japanese community-dwelling middle-aged and elderly women.
Materials and Methods

Subjects
The present study was designed as part of the Nomura study [20] . The study population was selected through a community-based annual check-up process from the Nomura health and welfare center in a rural town located in Ehime prefecture, Japan. Participants were enrolled in the study by public health nurses at the health and welfare center. The physical activity level of subjects, information on medical history, present conditions, and medications were obtained by interview. Candidates with CVDs or any other major illnesses that could affect the laboratory test results were excluded. All individuals aged in the range of 53 -82 years and with a clinically documented diagnosis of hypertension, dyslipidemia, type 2 diabetes, obesity, or any combination thereof were identified from the case records. The study complies with the Declaration of Helsinki, and was approved by the ethics committee of Ehime University School of Medicine (UMIN000010611) with written informed consent obtained from each subject.
Evaluation of Risk Factors
Information on demographic characteristics and risk factors was collected using the clinical files at baseline and at completion of the 12 weeks of training. Body mass index (BMI) was calculated by dividing weight (in kilograms) by the square of the height (in meters). We measured blood pressure with an appropriate-sized cuff on the right upper arm of the subjects in the sedentary position using an automatic oscillometric blood pressure recorder while they were seated after having rested for at least 5 min. The mean of two consecutive measurements was used for analysis. Triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), ALT, AST, GGT, high sensitivity C-reactive protein (hsCRP), fasting plasma glucose (FPG), serum uric acid (SUA), and imunoreactive insulin (IRI) were measured during an overnight fast of more than 11 hours. HOMA-IR was calculated from FPG and IRI levels using the following formula; [FPG (mg/dL) X IRI (mU/mL)]/405 [6] .
Intervention
Participants were required to take part in three instructor led sessions per week, each lasting 120-minute, for 12 weeks. Participants were issued poles and tutored on the correct technique for using the equipment during the first week, dedicating 120-minute sessions to the Nordic walking technique. The Nordic walking technique is a simple enhancement of normal arm swing when walking. The poles remain behind the body and pointing diagonally backward at all times. The pole length used for the Nordic walk was selected and adjusted to permit smooth arm motion, based on the INWA formula (0.68 × body height (in cm)) [21] , and to induce a near rightangle elbow flexion upon pole landing [22] . Assessment of post intervention dependent variables was performed within one week of the final walking session. Before and at the end of the 12-week intervention, functional tests and metabolic profiles were measured.
Statistical Analysis
Data are presented as the mean ± standard deviation (SD) unless otherwise specified, and in the cases of parameters with non-normal distributions (TG, hsCRP, and HOMA-IR) the data are shown as median (interquartile range) values. In all analyses, parameters with non-normal distributions were used after log-transformation. Statistical analysis was performed using IBM SPSS Statistics Version 21 (Statistical Package for Social Science Japan, Inc., Tokyo, Japan). Twelve-week changes in various factors were calculated by subtracting the baseline values from the 12-week values. Differences among baseline and follow-up data were analyzed by paired t-test. Pearson's correlation coefficient and multiple linear regression analysis were used to estimate changes in characteristics and HOMA-IR. Furthermore, we examined the change in HOMA-IR after the 12-week Nordic walking exercise of participants stratified by baseline and change in ASL/AST ratio. A P-value < 0.05 was considered significant.
Results
A total of 76 participants were enrolled (mean age: 67 ± 6 years; range, 53 -81 years) and completed the 12-week NW exercise and health examination. The prevalence of antihypertensive medication, lipid-lowering medication, and anti-diabetic medication was 34.2%, 21.1%, and 18.4%, respectively.
Baseline and follow-up characteristics of participants are shown in ) and a mean waist circumference of 85.7 ± 8.9 cm (65.5 -108 cm). Participants had several cardiovascular risk factors, and baseline BMI, waist circumference, and LDL-C were at the high end of the normal ranges. After the 12-week training exercise, BMI (P < 0.001), waist circumference (P < 0.001), HDL-C (P = 0.009), and HOMA-IR (P = 0.001) decreased significantly. LDL-C, ALT, AST, ALT/AST ratio, GGT, TG, LDL-C, hsCRP, and SUA were unchanged.
In Table 2 , we showed the relationship between baseline characteristics and HOMA-IR. In the baseline and follow-up, BMI, waist circumference, TG, HDL-C, ALT, ALT/AST ratio, GGT and serum UA correlated with HOMA-IR, but the other characteristics showed absolutely no correlation. With regard to change, change in BMI, TG, ALT, ALT/AST ratio GGT, and SUA related significantly to change in HOMA-IR. Figure 1 shows the relationships between ALT/AST ratio and HOMA-IR. Baseline (r = 0.556, P < 0.001), follow-up (r = 0.328, P = 0.004), and change in ALT/AST ratio (r = 0.343, P = 0.002) correlated significantly with each HOMA-IR. With regard to finding independent confounding factors for each HOMA-IR, Table 3 shows the independent relationship between characteristics and HOMA-IR. Baseline BMI, TG, and ALT/AST ratio were independently associated with baseline HOMA-IR, and follow-up waist circumference, TG, ALT/AST ratio, hsCRP, and SUA were independently associated with follow-up HOMA-IR. In addition, changes in TG, ALT/AST ratio, and SUA were independently associated with changes in HOMA-IR. Table 2 . (-----) , alanine aminotransferase, aspartate aminotransferase, HDL cholesterol, LDL cholesterol, and Gamma-glutamyl transferase did not remain in the final model by stepwise multiple linear regression analysis. When the data was further stratified by baseline and change in ASL/AST ratio, changes in HOMA-IR decreased significantly in participants with baseline ASL/AST ratio ≥ 0.762 and change in ALT/AST ratio of < 0 compared to those with change in ALT/AST ratio of ≥ 0 (baseline ASL/AST ratio < 0.762, P = 0.002 and baseline ASL/AST ratio ≥ 0.762, P = 0.047) (Figure 2 ).
Discussion
This study demonstrated that a 12-week structured Nordic walking exercise program had a positive effect on the metabolic state of the participants. After the 12-week walking exercise, BMI, waist circumference, and HOMA-IR decreased significantly. While, ALT, AST, ALT/AST ratio, and GGT were unchanged, but the decreased change in ALT/AST ratio was significantly and independently associated with decreased change in HOMA-IR. Moreover, both higher baseline ASL/AST ratio (≥0.762) and decreased change in ALT/AST ratio (<0) were significant predictors of decreased change in HOMA-IR. We previously demonstrated that ALT/AST ratio is the best surrogate marker for insulin resistance in non-obese Japanese adults [23] . However, to our knowledge, this is the first study to have indicated these associations of changes in ALT/AST ratio with changes in HOMA-IR after a walking exercise in community-dwelling middle-aged and elderly women.
The mechanisms that lead to changes in HOMA-IR in individuals with changes in ALT/AST ratio after the 12-week walking exercise remain unclear. Nanji et al. [24] reported a significant correlation between ALT/AST ratio and the degree of fatty infiltration of the liver. It has been found that fat accumulation in the liver is characterized by insulin resistance in normal weight and moderately overweight subjects, independent of BMI and intraabdominal and overall obesity [25] . In addition, intrahepatic TG content is the best predictor of insulin action in liver, skeletal muscle, and adipose tissue, independent of BMI and percent body fat, and accounts for 34%, 42%, and 44% of the variability in these tissues, respectively (P < 0.001 for each model) [26] . In a crosssectional study, we have demonstrated that the optimal cut-off point in identifying insulin resistance for these markers yielded the following values: ALT/AST ratio of ≥ 0.82 in non-obese subjects and ≥ 1.02 in overweight subjects in Japanese community-dwelling adults [23] . Sookoian et al. have suggested that changes in transaminase levels may precede the development of a fatty liver and be caused by increased hepatic transamination of amino acids in the liver especially glutamate [13] . In this present study, we prospectively demonstrated that baseline and change in ALT/AST ratio could be markers of change in HOMA-IR after exercise training. This study is of interest because liver transaminase markers, which are inexpensive and routinely collected in clinical settings, may provide a simple and accurate enhancement to models currently used to identify subjects with changes in insulin resistance.
Some limitations of this study must be considered. First, a 12-week intervention may potentially be too short for measuring the relationship between AST/ALT ratio and HOMA-IR. However, changes after shorter training periods are as important as those after longer ones, because those physiological changes may attenuate after the 2nd and 3rd weeks of training. Second, we could not eliminate potential causal relationships between AST/ALT ratio and HOMA-IR because this study is not a randomized study and daily physical activity of participants, prior to entry and during the study, was not controlled or matched. Third, though we have comprehensively adjusted for confounders such as BMI, waist circumference, TG, HDL-C, LDL-C, markers of inflammation (e.g., hsCRP), and uric acid in the association of changes in AST/ALT ratio and HOMA-IR, other important measures (such as hormones and other metabolism) are absent. Fourth, we could not eliminate possible effects of underlying diseases on the results. Fifth, the number of participants may be too small to find a significant difference. Due to these weak points of this study, the demographics and referral source may limit generalizability.
Conclusion
The present study demonstrates that baseline and change in ALT/AST ratio are predictors for change in HOMA-IR after a 12-week walking exercise in community-dwelling middle-aged and elderly women. Further studies are needed to verify whether interventions (such as Nordic walking exercise) aimed at reducing ALT/AST ratio could be investigated for the prevention of CVD in a larger number of community-dwelling persons.
